A mitral Starr-Edwards ball valve has, in three patients with concomitant aortic incompetence, permitted recognition of intermittent premature valve closure by auscultation and this has been documented by phonocardiograms. In two instances the observations were confirmed during cardiac catheterization. The features ofpremature Starr valve closure are described and the mechanism is discussed. 
A mitral Starr-Edwards ball valve has, in three patients with concomitant aortic incompetence, permitted recognition of intermittent premature valve closure by auscultation and this has been documented by phonocardiograms. In two instances the observations were confirmed during cardiac catheterization. The features ofpremature Starr valve closure are described and the mechanism is discussed.
Premature mitral valve closure induced by aortic incompetence and accompanied by reversal of the mitral pressure gradient in late diastole is now a well-recognized phenomenon with features that have been described in a number of reports (Wright, Toscano-Barboza, and He did not show features of severe congestive heart failure.
In all, the auscultatory findings were confirmed by phonocardiography. Cardiac catheterization of the first patient was not performed because of the need for urgent aortic valve replacement. In Cases 2 and 3 catheter studies were undertaken. Transseptal entry to the left atrium was not attempted because both patients were on anticoagulant therapy. However, wedge pulmonary artery pressures and left ventricular pressures, obtained by retrograde entry, were recorded simultaneously with a high frequency external phonocardiogram. Cardiac output measurements were made using the Fick principle, and the studies were concluded following cine-aortography in the right anterioroblique position.
Results
It was found that premature closure of a mitral Starr-Edwards prosthesis resulted in a separate click that occurred in mid-or late diastole, after which there was absence of the valve closure sound that normally occurs with the onset of ventricular systole (Fig. I) . Atrial fibrillation was present in each of the three patients under consideration, and premature closure was readily audible during the longer cycles (Fig. 2) . In these circumstances there is no audible closing sound with the onset of the succeeding ventricular contraction, and it will be noted in Fig. 2 , where a number of consecutive cardiac cycles was analysed for each patient, that premature closure occurred earlier in Cases i and 2 than in Case 3. In both of the first two cases gross congestive heart failure was present and had resulted in tricuspid incompetence with conspicuous in-crease in central venous pressure and hepatic enlargement, but in Case 3 the systemic venous pressure was not raised.
Aortic incompetence was graded as clinically severe in each of the 3 patients. This was confirmed by cine-aortography in Cases 2 and 3, using previously defined criteria (Brandt et al., I969) . In Case 2 the aortogram showed immediate reflux of contrast material, with dense outlining of the left ventricle, the material persisting until the end ofa io-second run. The aortogram in the third patient also showed early outlining of the left ventricle, but in contrast with Case 2 the chamber appeared more capacious, retrograde filling was slightly less rapid, and clearing of radioopaque dye occurred more quickly. Aortic incompetence thus appeared slightly less severe in Case 3. Both showed increased indirect left atrial and left ventricular diastolic pressures (Table) . The level of left ventricular diastolic pressure was to some extent dependent upon cycle length, and higher pressures were recorded during the longer diastolic filling periods. In neither case was there mitral incompetence. Both patients had a low cardiac output and a slightly raised pulmonary arteriolar resistance.
Discussion
Closure of a mitral Starr-Edwards prosthesis normally occurs as a result of rising left ventricular pressure during the onset of systole, and produces a high frequency sound of brief duration, which may be followed by one or two lesser vibrations as the ball seats in the rim of the cage (Hultgren and Hubis, I965 In such circumstances the ball has already seated at the time the left ventricle begins to contract; and the usual closing sounds of the Starr valve will be muffled or absent. The importance of a correct interpretation of these findings is stressed, since they may otherwise raise the suspicion of abnormal function of the prosthetic valve due to thrombus formation. 
shown that functional obstruction is more severe when smaller or fabric covered prostheses are used (Glancy et al., I969) . In the presence of aortic incompetence the effective obstruction to forward flow offered by the prosthetic valve is likely to be more severe when premature Starr valve closure occurs and limits diastolic inflow from the atrium. This will, in part, be compensated by an increase in left atrial pressure in the cycle after premature closure, with a resultant more rapid early diastolic inflow. The over-all effect is, however, likely to lead to an abnormally high left atrial mean pressure with secondary effects on the pulmonary circulation.
It was noted that left ventricular enddiastolic pressures were raised in both of the patients who were catheterized. The two major factors that affect the left ventricular filling pressure are the capacity of the ventricle and the rate of ventricular filling. The former is dependent upon left ventricular cavity size and also its compliance, while the latter is a function of both forward flow from left atrium and retrograde flow from the aorta when aortic incompetence is present. Volumetric methods and indicator dilution techniques have both been used to quantitate regurgitant flow in patients with aortic incompetence (Jones et al., I964; Frank et al., I966) . These authors have shown that when the lesion is severe regurgitant flow may be considerably in excess of the effective forward flow. It is likely, therefore, that in patients with severe aortic regurgitation and heart failure the major determinant of left ventricular end-diastolic pressure is the volume of retrograde blood flow, which is itself dependent upon the length of the diastolic filling period. It is not, therefore, surprising that premature closure consequent upon a reversal of the normal atrioventricular diastolic gradient was closely related in each patient to the length of the cardiac cycle.
